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Abstract
Classical and quantum symmetries of super p-branes preserving exotic 34 fraction
of N = 1D = 4 global supersymmetry are studied. Classical realization of the algebra
of global and world-volume symmetries is constructed and its quantum generalizations
are analyzed. Established is that the status of the conformal supersymmetry OSp(1|8)
as a proper quantum symmetry of brane depends both on the choice of its vacuum
state and the associated ordering of Qˆ and Pˆ operators.
1 Introduction
Studying the symmetries of M-theory is one of the sharp problems and it is under wide
investigations which reveal new connections [1], [2], [3] between space-time symmetries and
BPS vacuum states permitted by the extensions of the Poincare superalgebra by the tensorial
central charges (TCC) Zm1...mp [4], [5]. Using TCC and coordinates associated with them
has opened new views for the construction of supersymmetric generalizations of field and
string/brane models [6]-[18]. An interesting effect of the TCC inclusion is a possibility to
regulate the fraction of spontaneously broken supersymmetry in the models based on the
extended superalgebras [19]-[26]. On the other hand, the (super)space-times enlarged by the
TCC coordinate addition provide well known framework for correct formulation of higher
spin field theory [27], [28] and its connection with the conformal N = 4 super Yang-Mills
theory [29], [30]. These promising results stimulate interest in studying local and global
quantum symmetries of extended objects propagating in the superspaces enlarged by TCC
coordinates.
A new exactly solvable twistor-like model of (super)string and super p-brane linear in the
derivatives and preserving M−1
M
fraction of N = 1 supersymmetry in the enlarged superspace,
similarly to the superparticle model [19], was studied in [31],[32]. Because of the OSp(1|2M)
global symmetry of the model, its static p-brane solution was formulated in terms of sym-
plectic supertwistors previously used while studying superparticle models [33], [34], [19] and
forming a subspace of the Sp(2M) invariant symplectic space [27], [28]. For the particular
case of D = 11 the model [31] is invariant under the OSp(1|64) symmetry and it was ana-
lyzed in [35] and further generalized in [36]. The general static solutions of the model [31]
describe string/brane configurations which spontaneously break OSp(1|2M) global conformal
supersymmetry. The partially spontaneously broken character of the OSp(1|2M) symmetry
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was also observed in the Wess-Zumino like super p-brane models [37] nonlinear in deriva-
tives and preserving M−1
M
fraction of supersymmetry. The models [37] generate the Dirichlet
boundary conditions for the superstrings and superbranes as a consequence of the varia-
tional principle. These results unified with the observation concerning nonlinear realization
of OSp(1|64) supersymmetry in D = 11 supergravity [38] support the tempting conjecture
[28] that string/M-theory is a spontaneously broken phase of higher spin gauge theory.
The present paper continues the investigation of the Hamiltonian and quantum structure
of the model of tensionless super p−branes [31] started in [39]. This model is characterized
by the primary and secondary constraints which form a mixture of the first- and the second-
class ones. These constraints were covariantly split in [39], where the corresponding Dirac
brackets were constructed and the D.B. and operator realizations of the orthosymplectic
algebra in D = 4N = 1 enlarged superspace were obtained.
Here we consider an alternative approach to studying the Hamiltonian structure of the
model which is based on the conversion procedure [40]-[42]. The application of this proce-
dure gives a possibility to transform all the primary constraints into the first-class constraints
that efficiently simplifies investigations of the global and gauge symmetries of p-brane on the
quantum level. As a result, we obtain the properly modified expressions for the genera-
tor densities of OSp(1|8) superalgebra on the classical level ensuring validity of the global
OSp(1|8) supersymmetry in the phase space extended by conversion variables. Then we con-
sider operator realizations of the constraints, identified with the generators of world-volume
gauge symmetry, and generators of the generalized conformal supersymmetry. The question
whether the classical global symmetry OSp(1|8) of the exotic superstring and superbranes
is explicitly broken by quantization is investigated.
We show that the status of OSp(1|8) conformal supersymmetry as a proper quantum
symmetry of exotic BPS brane depends both on the choice of its vacuum state and the
corresponding physical ordering of the coordinate and momentum operators.
2 Tensionless super p-branes with TCC coordinates:
Lagrangian formulation and primary constraints
A simple model describing tensionless strings and p−branes evolving in the symplectic
superspace Msusy
M
was recently proposed in [31]. For M = 2[
D
2
] (D = 2, 3, 4 mod8)
the superspace Msusy
M
includes standard D-dimensional Minkowski space-time coordinates
xab = x
m(γmC
−1)ab accompanied by the Majorana spinor θa (a = 1, 2, ..., 2
[D
2
]) and the ten-
sor central charge coordinates zab additively unified with the space-time coordinates in the
symmetric spin-tensor Yab. The action of the model [31]
Sp =
1
2
∫
dτdpσ ρµUaWµabU
b (1)
includes the world-volume pullback
Wµab = ∂µYab − 2i(∂µθaθb + ∂µθbθa) (2)
of the supersymmetric Cartan differential one-form Wab = Wµabdξ
µ, where ∂µ ≡
∂
∂ξµ
and
ξµ = (τ, σM), M = 1, 2, ..., p are world-volume coordinates. The local auxiliary Majorana
spinor Ua(τ, σM) parametrizes the generalized momentum P ab = ρτUaU b of the tensionless
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p−brane and ρµ(τ, σM) is the world-volume vector density providing the reparametrization
invariance of Sp. The supersymmetric and world-volume reparametrization invariant action
(1) has (M− 1) κ−symmetries
δκθa = κa, δκYab = −2i(θaκb + θbκa), δκU
a = 0, (3)
where the transformation parameter κa(ξ) is restricted by only one real condition
Uaκa = 0, (4)
as it follows from the transformation rules of the primary variables θa, Ua and Yab = xab+zab.
As a result, the action (1) preserves M−1
M
fraction of the original N = 1 global supersymmetry.
D = 4 N = 1 supersymmetry algebra takes the form
{Qa, Qb} = (γ
mC−1)abPm + i(γ
mnC−1)abZmn (5)
including the TCC two-form Zmn with the charge conjugation matrix C chosen to be imagi-
nary in the Majorana representation. The string/brane model (1) is formulated in generalized
(4 + 6)-dimensional space M4+6 extended by the Grassmannian Majorana bispinor θa. In
the Weyl basis real symmetric 4× 4 matrix Yab acquires the form
Yab = xab + zab = xm(γ
mC−1)ab + zmn(γ
mnC−1)ab,
Ya
b = YadC
db =
(
zα
β xαβ˙
x˜α˙β z¯α˙β˙
)
,
(6)
and the auxiliary Majorana spinor Ua(τ, σM) is presented as
Ua =
(
uα
u¯α˙
)
(7)
with the charge conjugation matrix C
Cab =
(
ǫαβ 0
0 ǫα˙β˙
)
. (8)
Then the action (1) acquires the form
Sp =
1
2
∫
dτdpσ ρµ
(
2uαωµαα˙u¯
α˙ + uαωµαβu
β + u¯α˙ω¯µα˙β˙u¯
β˙
)
, (9)
where the supersymmetric one-forms ωµαα˙ and ωµαβ are
ωµαα˙ = ∂µxαα˙ + 2i(∂µθαθ¯α˙ + ∂µθ¯α˙θα),
ωµαβ = −∂µzαβ − 2i(∂µθαθβ + ∂µθβθα),
ω¯µα˙β˙ = −∂µz¯α˙β˙ − 2i(∂µθ¯α˙θ¯β˙ + ∂µθ¯β˙ θ¯α˙).
(10)
Following [39] let us introduce the momenta densities PM(τ, σM)
PM =
∂L
∂Q˙M
= (P α˙α, παβ, π¯α˙β˙, πα, π¯α˙, P αu , P¯
α˙
u , P
(ρ)
µ ) (11)
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canonically conjugate to the coordinates QM = (xαα˙, zαβ , z¯α˙β˙, uα, u¯α˙, ρ
µ) with respect to the
Poisson brackets
{PM(~σ),QN(~σ
′)}P.B. = δ
M
N
δp(~σ − ~σ′) (12)
with the periodic δ−function δp(~σ − ~σ′), where ~σ = (σ1, ..., σp), for the case of closed
string/brane studied here. The explicit form of P.B. (12) is given by the expressions
{P α˙α(~σ), xββ˙(~σ
′)}P.B. = δαβ δ
α˙
β˙
δp(~σ − ~σ′);
{παβ(~σ), zγδ(~σ
′)}P.B. =
1
2
(δαγ δ
β
δ + δ
α
δ δ
β
γ )δ
p(~σ − ~σ′);
{π¯α˙β˙(~σ), z¯γ˙δ˙(~σ
′)}P.B. =
1
2
(δα˙γ˙ δ
β˙
δ˙
+ δα˙
δ˙
δ
β˙
γ˙ )δ
p(~σ − ~σ′);
{πα(~σ), θβ(~σ′)}P.B. = δαβ δ
p(~σ − ~σ′), {π¯α˙(~σ), θ¯β˙(~σ
′)}P.B. = δα˙β˙ δ
p(~σ − ~σ′);
{P αu (~σ), uβ(~σ
′)}P.B. = δ
α
β δ
p(~σ − ~σ′), {P¯ α˙u (~σ), u¯β˙(~σ
′)}P.B. = δ
α˙
β˙
δp(~σ − ~σ′);
{P (ρ)µ (~σ), ρν(~σ′)}P.B. = δ
ν
µδ
p(~σ − ~σ′).
(13)
The primary constraints characterizing the action (9) include Grassmannian Ψ-
constraints
Ψα = πα − 2iθ¯α˙P
α˙α − 4iπαβθβ ≈ 0,
Ψ¯α˙ = −(Ψα)∗ = π¯α˙ − 2iP α˙αθα − 4iπ¯
α˙β˙ θ¯β˙ ≈ 0, (14)
together with bosonic Φ-constraints
Φα˙α = P α˙α − ρτuαu¯α˙ ≈ 0,
Φαβ = παβ + 1
2
ρτuαuβ ≈ 0,
Φ¯α˙β˙ = π¯α˙β˙ + 1
2
ρτ u¯α˙u¯β˙ ≈ 0
(15)
added by the constraints coming from the sector of auxiliary world-volume fields uα(τ, ~σ)
and ρµ(τ, ~σ)
P αu ≈ 0, P¯
α˙
u ≈ 0, (16)
P (ρ)τ ≈ 0, P
(ρ)
M ≈ 0, (17)
where the world-volume index µ = (τ,M) was split into the time-like and space-like M =
(1, 2, ..., p) subsets.
Using the definition of P.B. (13) it was found in [39] that the Ψ-constraints (14) have
zero Poisson brackets with the primary bosonic constraints, but the P.B. of Ψ-constraints
among themselves are non-zero
{Ψα(~σ),Ψβ(~σ′)}P.B. = −8iπ
αβδp(~σ − ~σ′) = −8i
(
Φαβ −
1
2
ρτuαuβ
)
δp(~σ − ~σ′),
{Ψα(~σ), Ψ¯β˙(~σ′)}P.B. = −4iP
β˙αδp(~σ − ~σ′) = −4i
(
Φβ˙α + ρτuαu¯β˙
)
δp(~σ − ~σ′),
{Ψ¯α˙(~σ), Ψ¯β˙(~σ′)}P.B. = −8iπ¯
α˙β˙δp(~σ − ~σ′) = −8i
(
Φ¯α˙β˙ −
1
2
ρτ u¯α˙u¯β˙
)
δp(~σ − ~σ′). (18)
On the contrary the Φ-constraints (15) have zero Poisson brackets among themselves and
with the Ψ−constraints (14)
{Φ(~σ),Φ(~σ′)}P.B. = 0, {Φ(~σ),Ψ(~σ
′)}P.B. = 0, (19)
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but do not commute with P αu , P¯
α˙
u
{P αu (~σ),Φβγ˙(~σ
′)}P.B. = −ρτδαβ u¯γ˙δ
p(~σ − ~σ′),
{P¯ α˙u (~σ),Φβγ˙(~σ
′)}P.B. = −ρτδα˙γ˙ uβδ
p(~σ − ~σ′),
{P αu (~σ),Φβγ(~σ
′)}P.B. =
1
2
ρτ (δαβuγ + δ
α
γ uβ)δ
p(~σ − ~σ′),
{P¯ α˙u (~σ), Φ¯β˙γ˙(~σ
′)}P.B. =
1
2
ρτ (δα˙
β˙
u¯γ˙ + δ
α˙
γ˙ u¯β˙)δ
p(~σ − ~σ′)
(20)
and P
(ρ)
τ (16)
{P (ρ)τ (~σ),Φβγ˙(~σ′)}P.B. = −uβu¯γ˙δp(~σ − ~σ′),
{P (ρ)τ (~σ),Φαβ(~σ′)}P.B. =
1
2
uαuβδp(~σ − ~σ′),
{P (ρ)τ (~σ), Φ¯α˙β˙(~σ′)}P.B. =
1
2
u¯α˙u¯β˙δp(~σ − ~σ′).
(21)
It was shown in [39] that there are 3 first-class constraints among Ψ-constraints and 6
first-class constraints among Φ-constraints. The momenta P
(ρ)
M ≈ 0 also belong to the first
class as it follows from the observation that the conjugate coordinates ρM do not enter the
expressions for the primary constraints. Besides that there appear (p + 1) extra first-class
constraints ∆W and LM corresponding to the world-volume Weyl and ~σ-reparametrization
gauge symmetries. The Weyl symmetry affects only auxiliary fields uα and ρ
µ
ρ′µ = e−2Λρµ, u′α = e
Λuα,
x′αα˙ = xαα˙, z
′
αβ = zαβ , θ
′
α = θα.
(22)
It is generated by the first-class constraint ∆W
∆W ≡ (P
α
u uα + P¯
α˙
u u¯α˙)− 2ρ
µP (ρ)µ ≈ 0. (23)
The world-volume ~σ-reparametrization constraints LM are given by
LM = P
α˙α∂Mxαα˙ + π
αβ∂Mzαβ + π¯
α˙β˙∂M z¯α˙β˙ + ∂Mθαπ
α + ∂M θ¯α˙π¯
α˙
+ P αu ∂Muα + P¯
α˙
u ∂M u¯α˙ − ∂MP
(ρ)
τ ρτ − ∂MP
(ρ)
N ρ
N ≈ 0.
(24)
They are secondary constraints resulting from the Dirac selfconsistency procedure.
The Hamiltonian structure formed by the above defined constraints after their covariant
division into the first and second classes, as well as the corresponding Dirac brackets (D.B.)
were studied in [39]. The procedure of the covariant constraint division used in [39] involved
additional auxiliary spinor field vα(τ, ~σ) forming together with uα(τ, ~σ) local spinorial basis
attached to string/brane world-volume. As a result, the additional first-class constraints
P
(u)
v and P¯
(u)
v
P (u)v ≡ P
α
v uα ≈ 0, P¯
(u)
v ≡ P¯
α˙
v u¯α˙ ≈ 0 (25)
arose corresponding to the gauge shifts of vα along uα
δǫvα = ǫuα, δǫv¯α˙ = ǫ¯u¯α˙. (26)
These shifts preserve the linear independence condition uαvα = 1 of the basis spinors u
α, vα
and their D.B. turns out to be quadratic in the first class constraints T˜ (±), Ψ(u) and its c.c.
{P (u)v (~σ), P¯
(u)
v (~σ′)}D.B. =
1
4ρτ
[T˜ (+)(P¯
(u)
v − P
(u)
v ) + T˜ (−)(P¯
(u)
v + P
(u)
v )
+ 1
4
Ψ(u)Ψ¯(u)]δp(~σ − ~σ′).
(27)
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This shows that the D.B. algebra of the first-class constraints has the rank equal two and it
gives rise to the higher powers of the ghosts in the BRST generator similarly to the (super)
p-brane theory without TCC coordinates [43]. By the analogy the quadratic terms in the
first-class constraints appear in the r.h.s. of D.B’s of the OSp(1|8) superalgebra.
Such a non-linear character of the both algebra of constraints and global OSp(1|8) super-
symmetry algebra complicates transition to the quantum theory. It gives a reason to apply
the conversion method [40]-[42] transforming all the primary and secondary constraints in
the first class. This conversion method might turn out to be more efficient, similarly to the
case of (super)particles [44]-[47], and we will utilize it here.
In the next Section we consider conversion of the primary and secondary constraints
(14)-(17), (23), (24) to the first class and examine quantum realization of the symmetries of
the model under question.
3 Conversion of the primary and secondary constraints
to the first class
To convert the constraints (16) and (17) to the first class we introduce new variables u˜α =
uα − qα and ρ˜τ = ρτ − ϕτ , where qα and ϕτ are auxiliary conversion variables canonically
conjugate to momenta P αq and P
(ϕ)
τ
{P αq (~σ), qβ(~σ
′)}P.B. = δ
α
β δ
p(~σ − ~σ′), {P¯ α˙q (~σ), q¯β˙(~σ
′)}P.B. = δ
α˙
β˙
δp(~σ − ~σ′),
{P (ϕ)τ (~σ), ϕτ (~σ′)}P.B. = δ
p(~σ − ~σ′).
(28)
In terms of new momenta the converted constraints (16) and (17) are presented as
P˜ αu = P
α
u + P
α
q ≈ 0,
¯˜
P α˙u = P¯
α˙
u + P¯
α˙
q ≈ 0, (29)
P˜
(ρ)
τ = P
(ρ)
τ + P
(ϕ)
τ ≈ 0,
P
(ρ)
M ≈ 0
(30)
after the correspondent modifications of the Φ− and Ψ- sector constraints. The converted
bosonic constraints Φ˜ ≡ (Φ˜α˙α, Φ˜αβ ,
¯˜
Φα˙β˙) originating from the Φ-constraints (15) acquire the
form
Φ˜α˙α = P α˙α − ρ˜τ u˜α¯˜uα˙ ≈ 0,
Φ˜αβ = παβ + 1
2
ρ˜τ u˜αu˜β ≈ 0,
¯˜
Φα˙β˙ = π¯α˙β˙ + 1
2
ρ˜τ ¯˜uα˙ ¯˜uβ˙ ≈ 0,
(31)
and have zero P.B. with the converted constraints (29), (30) and among themselves. Then
the converted fermionic constraints Ψ˜ = (Ψ˜α,
¯˜
Ψα˙) originating from the Ψ-constraints (14)
take the form
Ψ˜α = πα − 2iθ¯α˙P α˙α − 4iπαβθβ + 2(ρ˜τ )1/2u˜αf ≈ 0,
¯˜
Ψα˙ = −(Ψα)∗ = π¯α˙ − 2iP α˙αθα − 4iπ¯α˙β˙ θ¯β˙ − 2(ρ˜
τ )1/2 ¯˜uα˙f ≈ 0,
(32)
where f ∗ = f is an auxiliary Grassmannian variable characterized by the P.B.
{f(~σ), f(~σ′)}P.B. = −iδ
p(~σ − ~σ′). (33)
6
The addition of f restores the forth κ-symmetry and transforms the Ψ˜-constraints to the
first class leading to non-zero P.B. only among themselves
{Ψ˜α(~σ), Ψ˜β(~σ′)}P.B. = −8iΦ˜
αβδp(~σ − ~σ′), (34)
{Ψ˜α(~σ),
¯˜
Ψβ˙(~σ′)}P.B. = −4iΦ˜
β˙αδp(~σ − ~σ′). (35)
The Weyl symmetry (23) and world-volume ~σ−reparametrization constraints in the ex-
tended phase space are given by
∆˜W ≡ (
˜˜
Pαu u˜α +
¯˜˜
P α˙u
¯˜uα˙)− 2ρ˜
τ ˜˜P (ρ)τ − 2ρ
MP
(ρ)
M ≈ 0, (36)
where
˜˜
Pαu =
1
2
(P αu − P
α
q ),
˜˜
P (ρ)τ =
1
2
(P (ρ)τ − P
(ϕ)
τ ), (37)
and respectively
L˜M = P
α˙α∂Mxαα˙ + π
αβ∂Mzαβ + π¯
α˙β˙∂M z¯α˙β˙ + ∂Mθαπ
α + ∂M θ¯α˙π¯
α˙
+ ( ˜˜Pαu∂M u˜α +
¯˜˜
P α˙u∂M
¯˜uα˙)
− ∂M
˜˜
P
(ρ)
τ ρ˜τ − ∂MP
(ρ)
N ρ
N − i
2
f∂Mf ≈ 0.
(38)
These converted constraints satisfy the following non zero P.B. relations
{∆˜W (~σ), P
(ρ)
M (~σ
′)}P.B. = 2P
(ρ)
M δ
p(~σ − ~σ′), (39)
{L˜M(~σ), P˜
α
u (~σ
′)}P.B. = 0, (40)
{L˜M(~σ), P˜
(ρ)
τ (~σ
′)}P.B. = 0, (41)
{L˜M(~σ), P
(ρ)
N (~σ
′)}P.B. = ∂M P˜
(ρ)
N δ
p(~σ − ~σ′), (42)
{L˜M(~σ), L˜N(~σ′)}P.B. = (L˜M(~σ
′)∂N ′ − L˜N (~σ)∂M)δ
p(~σ − ~σ′), (43)
{L˜M (~σ), [other constraints](~σ
′)}P.B. = −[other constraints](~σ)∂Mδ
p(~σ − ~σ′) (44)
and the complex conjugate ones. Other P.B’s. are equal to zero in the strong sense.
One can easily verify that there was added such the number of conversion variables so
that the number of physical degrees of freedom in the enlarged phase space is equal to
nΦphys = 2(15b + 4f)original + 2(5b +
1
2
1f )conversion− 2((16 + p)b + 4f)1st cl. constr.
= 2(4− p)b + 1f ,
(45)
and it coincides with the number of physical degrees of freedom in the original model
nphys = 2(15b + 4f )original − 2((7 + p)b + 3f)1st cl. constr. − (8b + 1f)2nd cl. constr.
= 2(4− p)b + 1f .
(46)
Note that we have not taken into account the variables ρM which are involved in the original
and extended phase spaces, because of the first-class constraints P
(ρ)
M (30) presence in both
of these phase spaces. Thus, we have solved the conversion problem and found the first-
class constraints in the extended phase space. The next step is to find a realization of the
OSp(1|8) global supersymmetry generators in the extended phase space.
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4 Generators of the OSp(1|8) global supersymmetry in
the extended phase space
Here we shall construct the OSp(1|8) generators in the extended phase space based on
their representation built in [39]. The key principle to find these extended generators is
the requirement for them to form a closed P.B. algebra with the above considered converted
first-class constraints. This requirement together with the requirement to generate OSp(1|8)
superalgebra in the extended phase space will uniquely restore the form of these generators.
We find that the generalized translation generators together the generator densities Qα
and Qα˙ of the N = 1 global supersymmetry remain unchanged upon transition to extended
phase space
Qα(τ, ~σ) = πα + 2iθ¯α˙P
α˙α + 4iπαβθβ ,
Q¯α˙(τ, ~σ) = π¯α˙ + 2iP α˙αθα + 4iπ¯
α˙β˙ θ¯β˙ (47)
and their P.B’s. have the standard form
{Qα(~σ), Q¯α˙(~σ′)}P.B. = 4iP
α˙αδp(~σ − ~σ′),
{Qα(~σ), Qβ(~σ′)}P.B. = 8iπ
αβδp(~σ − ~σ′). (48)
To build the extended ”square roots” S˜γ and
¯˜
S γ˙ of the generalized conformal boost den-
sities we consider the P.B. relations {Ψ˜α(~σ), Sγ(~σ′)}P.B. and find that the additional term
2
(ρ˜τ )1/2
˜˜
P uγf has to be added to Sγ to close the P.B.
{Ψ˜α(~σ), S˜γ(σ
′)}P.B. = 4iδ
α
γ [Ψ˜
βθβ +
¯˜
Ψβ˙ θ¯β˙ ]δ
p(~σ − ~σ′), (49)
where S˜γ and its complex conjugate are given by
S˜γ(τ, ~σ) = zγδQ
δ + xγδ˙Q¯
δ˙ − 2iθγ(θδπδ + θ¯δ˙π¯
δ˙) + 4i(u˜δθδ − ¯˜uδ˙θ¯δ˙)
˜˜
P uγ +
2
(ρ˜τ )1/2
˜˜
P uγf,
¯˜
S γ˙(τ, ~σ) = z¯γ˙δ˙Q¯
δ˙ + xδγ˙Q
δ − 2iθ¯γ˙(θδπδ + θ¯δ˙π¯
δ˙)− 4i(u˜δθδ − ¯˜uδ˙θ¯δ˙)
¯˜˜
P uγ˙ −
2
(ρ˜τ )1/2
¯˜˜
P uγ˙f.
(50)
The representations (50) can be used to find the generalized conformal boost densities
K˜γλ and K˜γγ˙ from the known P.B. relations of OSp(1|8) superalgebra
{S˜γ(~σ), S˜λ(~σ
′)}P.B. = 4iK˜γλδ
p(~σ − ~σ′), {S˜γ(~σ),
¯˜
Sγ˙(~σ
′)}P.B. = 4iK˜γγ˙δ
p(~σ − ~σ′), (51)
resulting in the explicit form for the K−generators
K˜γλ(τ, ~σ) = 2zγβzλδπ
βδ + 2xγβ˙xλδ˙π¯
β˙δ˙ + zγβxλδ˙P
δ˙β + xγβ˙zλδP
β˙δ
+ θλ(zγδπ
δ + xγδ˙π¯
δ˙) + θγ(zλδπ
δ + xλβ˙ π¯
δ˙)
+ (u˜δzδλ − ¯˜u
δ˙xλδ˙)
˜˜
P uγ + (u˜
δzδγ − ¯˜u
δ˙xγδ˙)
˜˜
P uλ
− 2i(u˜δθδ − ¯˜uδ˙θ¯δ˙)(θλ
˜˜
P uγ + θγ
˜˜
P uλ)
+ 2
(ρ˜τ )1/2
(θλ
˜˜
P uγ + θγ
˜˜
P uλ)f −
1
ρ˜τ
˜˜
P uγ
˜˜
P uλ,
(52)
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K˜γγ˙(τ, ~σ) = zγδ z¯γ˙δ˙P
δ˙δ + xγδ˙xδγ˙P
δ˙δ + 2(zγδxλγ˙π
δλ + xγδ˙ z¯γ˙λ˙π¯
δ˙λ˙)
+ θγ(z¯γ˙δ˙π¯
δ˙ + xδγ˙π
δ) + θ¯γ˙(zγδπ
δ + xγδ˙π¯
δ˙)
+ (u˜δxδγ˙ − ¯˜uδ˙ z¯δ˙γ˙)
˜˜
P uγ + (xγδ˙
¯˜uδ˙ − zγδu˜δ)
¯˜˜
P uγ˙
− 2i(u˜δθδ − ¯˜uδ˙θ¯δ˙)(θ¯γ˙
˜˜
P uγ − θγ
¯˜˜
P uγ˙)
+ 2
(ρ˜τ )1/2
(θ¯γ˙
˜˜
P uγ − θγ
¯˜˜
P uγ˙)f +
1
ρ˜τ
˜˜
P uγ
¯˜˜
P uγ˙.
(53)
The correctness of the representations (50) is verified by the reproducibility of the known
P.B. relations
{Qα(~σ), K˜βγ(~σ
′)}P.B. = (εαβS˜γ + εαγS˜β)δ
p(~σ − ~σ′), {Qα(~σ), K˜βγ˙(~σ
′)}P.B. = εαβ
¯˜
Sγ˙δ
p(~σ − ~σ′).
(54)
Remaining 16 generator densities of the Sp(8) algebra L˜αβ, L˜
α
β˙ that include the Lorentz
symmetry generator densities are given by the expressions
L˜αβ(τ, ~σ) = P
β˙αxββ˙ + 2π
αγzγβ − παθβ + u˜α
˜˜
P uβ,
L˜αβ˙(τ, ~σ) = 2π
αγxγβ˙ + P
γ˙αz¯β˙γ˙ − π
αθ¯β˙ − u˜
α
¯˜˜
P uβ˙
(55)
and their complex conjugate, which follow from the P.B. relations of the OSp(1|8) superal-
gebra
{Qα(~σ), S˜β(~σ
′)}P.B. = 4iL˜αβδ
p(~σ − ~σ′), {Qα(~σ),
¯˜
S β˙(~σ
′)}P.B. = 4iL˜αβ˙δ
p(~σ − ~σ′), (56)
where the representations (47) and (50) have been used.
The correctness of the representations (55) is verified by the reproducibility of well known
P.B’s. for the L-densities
{L˜αβ(~σ), L˜γδ(~σ′)}P.B. = (εβγL˜αδ + εαδL˜γβ)δp(~σ − ~σ′),
{L˜αβ(~σ), L˜γ˙δ(~σ′)}P.B. = εαδL˜γ˙βδp(~σ − ~σ′), {L˜αβ(~σ), L˜γδ˙(~σ
′)}P.B. = εβγL˜αδ˙δ
p(~σ − ~σ′),
{L˜αβ˙(~σ), L˜γ˙δ(~σ
′)}P.B. = (εβ˙γ˙L˜αδ + εαδ
¯˜
Lγ˙β˙)δ
p(~σ − ~σ′)
(57)
added by their P.B’s. with the densities of supercharges Q and S˜
{Qα(~σ), L˜βγ(~σ′)}P.B. = εαγQβδp(~σ − ~σ′), {Qα(~σ), L˜β˙γ(~σ′)}P.B. = −εαγQ¯β˙δp(~σ − ~σ′),
{S˜α(~σ), L˜βγ(~σ′)}P.B. = εαβS˜γδp(~σ − ~σ′), {S˜α(~σ), L˜βγ˙(~σ′)}P.B. = εαβ
¯˜
S
γ˙
δp(~σ − ~σ′)
(58)
and with the conformal boost densities K˜
{L˜αβ(~σ), K˜γδ(~σ′)}P.B. = (εαγK˜βδ + εαδK˜βγ)δp(~σ − ~σ′),
{Lαβ(~σ), K˜γδ˙(~σ
′)}P.B. = εαγK˜βδ˙δ
p(~σ − ~σ′),
{L˜αβ˙(~σ), K˜γδ(~σ
′)}P.B. = (εαγK˜δβ˙ + εαδK˜γβ˙)δ
p(~σ − ~σ′),
{L˜αβ˙(~σ), K˜γδ˙(~σ
′)}P.B. = εαγ
¯˜
K β˙δ˙δ
p(~σ − ~σ′),
(59)
where we adduced only nonzero Poisson brackets.
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The remaining nonzero P.B’s. of the considered orthosymplectic superalgebra include
the generator densities P βγ˙, πβγ of the generalized translations
{S˜α(~σ), πβ
γ(~σ′)}P.B. = −
1
2
(δγαQβ − εαβQ
γ)δp(~σ − ~σ′),
{S˜α(~σ), Pβγ˙(~σ′)}P.B. = −εαβQ¯γ˙δp(~σ − ~σ′);
{πα
β(~σ), L˜γδ(~σ
′)}P.B. = (δ
β
δ παγ + εαδπγ
β)δp(~σ − ~σ′),
{παβ(~σ), L˜γ˙ δ(~σ′)}P.B. =
1
2
(δβδ Pαγ˙ − εαδP
β
γ˙)δ
p(~σ − ~σ′),
{Pαβ˙(~σ), L˜γδ(~σ
′)}P.B. = εαδPγβ˙δ
p(~σ − ~σ′), {Pαβ˙(~σ), L˜
γ˙
δ(~σ
′)}P.B. = 2εαδπ¯
γ˙
β˙δ
p(~σ − ~σ′),
{παβ(~σ), K˜γδ(~σ′)}P.B. =
1
2
(δβγ L˜αδ + εαγL˜
β
δ + δ
δ
βL˜αγ + εαδL˜
β
γ)δ
p(~σ − ~σ′),
{πα
β(~σ), K˜γδ˙(~σ
′)}P.B. = −
1
2
(δβγ L˜αδ˙ − εαγL˜
β
δ˙)δ
p(~σ − ~σ′),
{Pαβ˙(~σ), K˜γδ(~σ
′)}P.B. = (εαδL˜β˙γ + εαγL˜β˙δ)δ
p(~σ − ~σ′),
{Pαβ˙(~σ), K˜γδ˙(~σ
′)}P.B. = (εαγ
¯˜
Lβ˙δ˙ + εβ˙δ˙L˜αγ)δ
p(~σ − ~σ′).
(60)
These expressions should be complemented by their complex conjugate.
So, one can conclude that the above considered P.B’s. correctly reproduce the well known
P.B. commutation relations of the OSp(1|8) superalgebra and, therefore, the problem of
realization of this superalgebra in the extended phase space of the model is solved.
The next step is to find the P.B. commutation relations between the generators of the
OSp(1|8) superalgebra and the generators of the gauge symmetry of the model presented by
the first-class constraints constructed in the Section 3.
5 The P.B. superalgebra of global and gauge symme-
tries in the extended phase space
Taking into account that the OSp(1|8) superalgebra generators are identified with the phys-
ical observables their P.B. relations with the converted first-class constraints have to be zero
in the weak sense. Fulfilment of this condition would prove the gauge invariant character of
the considered super p-brane model. In this section we show that this condition is actually
satisfied on the classical level of the P.B. superalgebra.
At first, we find that the Φ˜-constraints have the following nonzero Poisson brackets with
the L˜ generator densities of OSp(1|8)
{Φ˜αβ(~σ), L˜γδ(~σ′)}P.B. = (δαδ Φ˜γ
β + δβδ Φ˜γ
α)δp(~σ − ~σ′),
{Φ˜αβ(~σ), Lγ˙δ(~σ′)}P.B. =
1
2
(δαδ Φ˜
β
γ˙ + δ
β
δ Φ˜
α
γ˙)δ
p(~σ − ~σ′);
{Φ˜α˙α(~σ), Lγδ(~σ′)}P.B. = δαδ Φ˜γ
α˙δp(~σ − ~σ′),
{Φ˜α˙α(~σ), Lγδ˙(~σ
′)}P.B. = 2δα˙δ˙ Φ˜γ
αδp(~σ − ~σ′)
(61)
and conclude that the r.h.s. of (61) are zero in the weak sense.
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The same conclusion is satisfied for both the nonzero P.B. with S˜ generator densities
{Φ˜αβ(~σ), S˜γ(~σ′)}P.B. =
1
2
[δαγ (Ψ˜
β + 8iΦ˜βδθδ + 4iΦ˜
δ˙β θ¯δ˙)
+ δβγ (Ψ˜
α + 8iΦ˜αδθδ + 4iΦ˜
δ˙αθ¯δ˙)]δ
p(~σ − ~σ′);
{Φ˜α˙α(~σ), Sγ(~σ′)}P.B. = δαγ (
¯˜
Ψα˙ + 8i
¯˜
Φα˙δ˙θ¯δ˙ + 4iΦ˜
α˙δθδ)δ
p(~σ − ~σ′)
(62)
and for the generalized conformal boost generator densities K˜
{Φ˜αβ(~σ), K˜γδ(~σ′)}P.B. =
1
2
(
δαγ [−2(zδ
λ + 2iθδθ
λ)Φ˜λ
β + (xδλ˙ + 2iθδθ¯λ˙)Φ˜
λ˙β + θδΨ˜
β]
+δαδ [−2(zγ
λ + 2iθγθ
λ)Φ˜λ
β + (xγλ˙ + 2iθγ θ¯λ˙)Φ˜
λ˙β + θγΨ˜
β] + (α↔ β)
)
δp(~σ − ~σ′),
{Φ˜αβ(~σ), Kγγ˙(~σ′)}P.B. =
1
2
(
δαγ [2(xλγ˙ + 2iθ¯γ˙θλ)Φ˜
βλ − (z¯γ˙ λ˙ + 2iθ¯γ˙ θ¯λ˙)Φ˜βλ˙ + θ¯γ˙Ψ˜
β]
+(α↔ β)) δp(~σ − ~σ′);
{Φ˜α˙α(~σ), Kγδ(~σ
′)}P.B. =
(
δαγ [−(zδ
λ + 2iθδθ
λ)Φ˜λ
α˙ + 2(xδλ˙ + 2iθδ θ¯λ˙)Φ˜
λ˙α˙ + θδ
¯˜
Ψα˙]
+(γ ↔ δ)) δp(~σ − ~σ′),
{Φ˜α˙α(~σ), Kγγ˙(~σ′)}P.B. =
(
δαγ [(xλγ˙ + 2iθ¯γ˙θλ)Φ˜
α˙λ + 2(z¯γ˙λ˙ + 2iθ¯γ˙ θ¯λ˙)Φ˜
λ˙α˙ + θ¯γ˙
¯˜
Ψα˙]
+δα˙γ˙ [−2(zγ
λ + 2iθγθ
λ)Φ˜λ
α + (xγλ˙ + 2iθγ θ¯λ˙)Φ˜
λ˙α + θγΨ˜
α]
)
δp(~σ − ~σ′).
(63)
Secondly, the Ψ˜-constraints have the following nonzero P.B’s. with the OSp(1|8) gener-
ator densities
{Ψ˜α(~σ), L˜βγ(~σ′)}P.B. = εαγΨ˜βδp(~σ − ~σ′), {Ψ˜α(~σ), L˜β˙γ(~σ
′)}P.B. = εαγ
¯˜
Ψβ˙δ
p(~σ − ~σ′);
{Ψ˜α(~σ), S˜γ(~σ
′)}P.B. = 4iεαγ(Ψ˜
βθβ +
¯˜
Ψβ˙ θ¯β˙)δ
p(~σ − ~σ′);
{Ψ˜α(~σ), K˜γδ(~σ
′)}P.B. =
(
εαδ[(zγβ + 2iθγθβ)Ψ˜
β + (xγβ˙ + 2iθγ θ¯β˙)
¯˜
Ψβ˙] + (γ ↔ δ)
)
δp(~σ − ~σ′),
{Ψ˜α(~σ), K˜γγ˙(~σ′)}P.B. = εαγ[(xβγ˙ + 2iθ¯γ˙θβ)Ψ˜β + (z¯γ˙β˙ + 2iθ¯γ˙ θ¯β˙)
¯˜
Ψβ˙]δp(~σ − ~σ′).
(64)
The above expressions should be complemented by their complex conjugate.
The Poisson brackets of the OSp(1|8) generator densities denoted collectively by
G˜=(Qα, Q¯α˙, S˜α,
¯˜
Sα˙, παβ, π¯α˙β˙, Pαβ˙, L˜αβ ,
¯˜
Lα˙β˙, L˜αβ˙ , L˜β˙α, K˜αβ,
¯˜
K α˙β˙, K˜αβ˙) with the ~σ-reparame-
trization generators L˜M are equal to
{L˜M (~σ), G(~σ
′)}P.B. = −G(~σ)∂Mδ
p(~σ − ~σ′). (65)
The OSp(1|8) generator densities strongly commute with the converted first-class constraints
∆˜W , P˜uα,
¯˜
P uα˙, P˜
(ρ)
τ and P
(ρ)
M .
Thus, we conclude that the OSp(1|8) generators are gauge invariant quantities on the
classical level and the next step is to study this gauge invariance on the quantum level.
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6 Quantum superalgebra of global and gauge sym-
metries in the extended phase space. Conformal
anomaly?
To lift the considerations of the previous Section to the quantum level one has to consider
all the quantities entering expressions for the first-class constraints (29)-(32), (36), (38) and
OSp(1|8) generator densities (47), (50), (52), (53), (55) as operators and to choose certain
ordering prescription for them. The next step of the quantum theory consistency check is
to verify the validity of OSp(1|8) superalgebra (anti)commutation relations and the gauge
invariant character of generator densities. For definiteness let start below considering QˆPˆ-
ordering. So that constraints and generator densities are the sums of monomials of the form
ΠQˆΠPˆ = Qˆn11 Qˆ
n2
2 . . . Qˆ
nk
k Pˆ
m1
1 Pˆ
m2
2 . . . Pˆ
ml
l and the chosen ordering will be preserved in course
of calculation of (anti)commutators if it is preserved in ”elementary” (anti)commutators
[ΠQˆ,ΠPˆ}, [ΠPˆ ,ΠQˆ}. It was argued in [43] that the sufficient condition for ordering preser-
vation is the absence for any Qˆ-monomial of the corresponding Pˆ-monomial(s) containing
more than one momentum variable conjugate to that of Qˆ-monomial. As is readily seen
from the expressions for the constraints (29)-(32), (36), (38) and OSp(1|8) generator densi-
ties (47), (50), (52), (53), (55) there are present only Pˆ monomials of the first power satisfying
automatically the above criterion except for
ˆ˜˜
P uγ
ˆ˜˜
P uλ,
ˆ˜˜
P uγ
ˆ˜¯
P˜ uγ˙ monomials entering the gener-
alized conformal transformations generator densities
ˆ˜
Kγλ(τ, ~σ),
ˆ˜
Kγγ˙(τ, ~σ) (52), (53). Their
conjugate Qˆ monomials ˆ˜uα ˆ˜uβ, ˆ˜uα
ˆ¯˜uβ˙ enter
ˆ˜
Φ-constraints (31) and direct calculation reveals
anomalous contributions (with ~ = c = 1) to the classical expressions (63)
[
ˆ˜
Φαβ(~σ),
ˆ˜
Kγλ(~σ
′)]|anomal. contr. = −
1
2
(δαγ δ
β
λ + δ
α
λδ
β
γ )δ
p
ǫ (~σ − ~σ
′)δpǫ (0),
[
ˆ˜
Φα˙α(~σ),
ˆ˜
Kγγ˙(~σ
′)]|anomal. contr. = −δ
α
γ δ
α˙
γ˙ δ
p
ǫ (~σ − ~σ
′)δpǫ (0)
(66)
and their c. c. relations, where the P.B’s. were changed by the commutators
[
ˆ˜˜
P uα(~σ), ˆ˜u
β(~σ′)] = iδβαδ
p
ǫ (~σ − ~σ
′), [
ˆ˜¯
P˜ uα˙(~σ),
ˆ¯˜uβ˙(~σ′)] = iδβ˙α˙δ
p
ǫ (~σ − ~σ
′) (67)
including the regularized delta function δpǫ (~σ − ~σ
′) considered in [48]. This means that the
quantum conformal boosts are not gauge invariant operators and the generalized conformal
symmetry is broken. However, this breaking could be a consequence of the QˆPˆ-ordering
prescription used for the transition to quantum theory1. In fact, the anomalous terms
may be hidden if we consider the hermitian expressions for the generator densities. These
expressions differ from the above considered QˆPˆ-ordered expressions (47),(50), (52), (53),
(55) by the addition of singular terms proportional to δpǫ (0)
ˆ˜
Sγ =
ˆ˜
Sγ + 6θγδ
p
ǫ (0),
ˆ¯˜
S γ˙ =
ˆ¯˜
S γ˙ + 6θ¯γ˙δ
p
ǫ (0),
ˆ˜
Kγλ =
ˆ˜
Kγλ − 3izγλδ
p
ǫ (0),
ˆ¯˜
Kγ˙λ˙ =
ˆ¯˜
K γ˙λ˙ − 3iz¯γ˙λ˙δ
p
ǫ (0),
ˆ˜
Kγγ˙ =
ˆ˜
Kγγ˙ − 3ixγγ˙δ
p
ǫ (0),
ˆ˜
Lαβ =
ˆ˜
Lαβ −
3i
2
εαβδ
p
ǫ (0),
ˆ¯˜
Lα˙β˙ =
ˆ˜¯
Lα˙β˙ −
3i
2
ε¯α˙β˙δ
p
ǫ (0).
(68)
1It was noted by D. Sorokin with the reference on the paper [28], where a modified realization of the
conformal generators was considered for the quantum superparticle without breaking of the conformal su-
persymmetry.
12
These singular terms appear as a result of the QˆPˆ-ordering in the non-ordered hermitian
expressions for the generators and using the relations similar to
1
2
(zλδ(~σ)π
δε(~σ) + πδε(~σ)zλδ(~σ)) = zλδ(~σ)π
δε(~σ)−
3i
4
δελδ
p
ǫ (0) (69)
for all products of the brane coordinates and momenta. Then we find that the substitution
of
ˆ˜
K (68) for
ˆ˜
K in the commutators (66) will change only the coefficients there
[
ˆ˜
Φαβ(~σ),
ˆ˜
Kγλ(~σ′)]|anomal. contr. = −(
1
2
+ 3
2
)(δαγ δ
β
λ + δ
α
λδ
β
γ )δ
p
ǫ (~σ − ~σ
′)δpǫ (0),
[
ˆ˜
Φα˙α(~σ),
ˆ˜
Kγγ˙(~σ′)]|anomal. contr. = −(1 + 3)δ
α
γ δ
α˙
γ˙ δ
p
ǫ (~σ − ~σ
′)δpǫ (0)
(70)
and in their c. c. commutators. To derive this result the changes δp(~σ − ~σ′) → δpǫ (~σ − ~σ
′)
and i{P,Q}P.B. → [ Pˆ, Qˆ ] in the canonical P.B’s. (12) were taken into account.
Then we revealed that the singular terms in the r.h.s. of (70) are precisely the terms
which are needed for the hermiticity restoration of the QˆPˆ-ordered non-anomalous operators
in the r.h.s. (63). We found that the same effect is valid for other (anti)commutators of the
algebra. Thus, we have shown that the considered singular terms in (66) and (70) may be
hidden in the expressions for the disordered hermitian generators. If we have started from
this hermitian representation we could not observe the singular terms.
So, it seems that namely these non-ordered definitions might be accepted as correct
quantum definitions of the conformal hermitian generators. However, it is not end of the
story, because of the necessity to define the relevant vacuum state and to construct both
the proper physical space of states associated with the considered BPS branes and nilpotent
BRST operator. This problem is open for the string or brane in contrast to the superparticle
[28], because there the QˆPˆ-ordered hermitian superconformal generators contain only finite
central terms instead of the singular terms under question. It is clear, because p-brane is
a field object with infinite number of degrees of freedom. Similar problem was studied in
the series of papers [48],[49] devoted to the light-cone quantization of tensionless string.
The starting point there was consideration of hermitian expressions for the generators and
constraints which have further been transformed to the QˆPˆ-order. This ordering was chosen
as physical one consistent with the definition of the vacuum state as a state annihilated by
the momentum operator. The definition [49] of the vacuum state was physically justified by
the analysis of the tensionless limit of the vacuum conditions accepted in the tensile string
theory. As a result, the conformal symmetry breaking was revealed there for the space-time
dimension D > 2.
7 Conclusion
In the present report we studied the classical and quantum symmetries of the recently pro-
posed tensionless super p-brane model [31] in D = 4 N = 1 superspace extended by TCC
coordinates zmn. The primary and secondary constraints of the model form a mixed set
of the first- and second-class constraints and the Dirac bracket realization of the global
and gauge symmetries results in rather nonlinear expressions obtained in [39]. One of the
possible methods to get rid of the second-class constraints, and respectively to avoid the
nonlinearities, is their conversion to the first-class constraints using additional conversion
variables [40]-[42] and preserving the number of the primary physical degrees of freedom.
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We applied this method here to the primary and secondary constraints of the model [31] and
transformed them into a set of the converted first-class constraints. As a result, we found
the classical realization of the OSp(1|8) generators in extended phase space and established
their invariance under the world-volume symmetry transformations.
For the transition to quantum theory we studied the problem of ordering of the general-
ized Qˆ and Pˆ operators of the brane. We found that the hermitian expressions for OSp(1|8)
generators without QˆPˆ-ordering of the operators forming them may be considered as a quan-
tum generalization of the corresponding classical generators. Together with the generators
of the gauge world-volume symmetry they form closed quantum algebra of local and global
brane symmetries free of anomalous terms.
However, the problem appears how to construct the relevant vacuum state and proper
physical space for the QˆPˆ-desordered quantum generators and constraints. Transition to
the QˆPˆ-ordering in the hermitian expressions for the OSp(1|8) quantum generators is prob-
ably able to weaken the mentioned problem, but then we need to give a proper physical
interpretation of the above mentioned singular terms in the generators and commutators.
It is possible that the analyzed quantum deviations could imply explicit breakdown of the
classical superconformal symmetry OSp(1|8) after quantization if the QˆPˆ-ordering might be
approved as physical one. That possibility has been realized in [49] for tensionless strings,
having no oscillator degrees of freedom, where the QˆPˆ-ordering was justified to be physical.
It was shown there that this ordering is consistent with the existence of nilpotent BRST op-
erator and the absence of divergent anomalous terms only in the space-time with dimension
D = 2. Note that, as it follows from (68), the contributions of the spinor, vector and tensor
degrees of freedom to the brane anomaly were obtained namely for the D = 4 case which
is in the black list of [49]. Let us also remind that the conformal invariance for massless
particle in D > 2 survives the transition to the quantum case, as it was also subscribed in
[49]. This conclusion agrees with the above mentioned result of [28], where superconformal
generators of superparticle include only finite terms resulting from the QˆPˆ-ordering. For
the brane case, however the similar terms are divergent, as it follows from (68) and (69) if
the regularization in the delta functions is removed, i.e. the limit ǫ → 0 is implemented.
Thus, to prove that OSp(1|8) conformal supersymmetry survives the quantization with the
considered disordered hermitian OSp(1|8) generators and world-volume gauge constraints
one has to construct proper vacuum state and physical space of states permitting nilpotent
BRST charge.
As a result, the question whether the global OSp(1|8) supersymmetry is proper quantum
symmetry of the exotic BPS branes needs in further investigation. Finally note that it is
very interesting to apply our analysis to exotic OSp(1|64) invariant superbranes ofM-theory
in N = 1D = 11 superspace enlarged by TCC coordinates.
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